A review of substances reported to cause false positives and negatives in forensic blood identification tests by Novelli, Brittany Catherine
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2020
A review of substances reported to
cause false positives and negatives




SCHOOL OF MEDICINE 
Thesis 
A REVIEW OF SUBSTANCES REPORTED TO CAUSE FALSE POSITIVES 
AND NEGATIVES IN FORENSIC BLOOD IDENTIFICATION TESTS  
by 
BRITTANY CATHERINE NOVELLI 
B.S., Arcadia University, 2018
Submitted in partial fulfillment of the 
requirements for the degree of 
Master of Science 
2020 
© 2020 by 
    BRITTANY CATHERINE NOVELLI 






First Reader  
 Amy N. Brodeur, M.F.S. 




Second Reader  
 Jennifer L. Sheehan, M.S. 
Criminalist III  




Third Reader  
 Mikayla M. Caldwell, M.S. 
Forensic Scientist II 







I want to thank everyone who had a part in helping me finish this thesis project. 
This includes my family and friends for always being the best support system and letting 
me know that I can count on you always. Thank you to Professor Amy Brodeur who was 
my mentor on this project and helped keep me focused throughout the extenuating 
circumstances. Thank you to Dr. Robin Cotton, Dr. Adam Hall, Professor Sabra Botch-
Jones and all the other faculty and staff of the Boston University Forensic Science Program 
for being both great educators and leaders. Thank you to the other members of my thesis 
committee Jennifer Sheehan and Mikayla Caldwell for your great feedback. Finally, to my 
classmates who made every day enjoyable and helped my time at Boston University be an 
amazing one.  
 
v 
A REVIEW OF SUBSTANCES REPORTED TO CAUSE FALSE POSITIVES 
AND NEGATIVES IN FORENSIC BLOOD IDENTIFICATION TESTS  
 
 
BRITTANY CATHERINE NOVELLI 
 
ABSTRACT 
 Forensic biology encompasses the examination of evidentiary items from crime 
scenes for biological fluids, often identifying the specific biological fluid present and 
developing a DNA profile that can be used to link a suspect to a crime. Blood identification 
consists of visual examination, presumptive tests based on the catalytic activity of 
hemoglobin, and confirmatory tests based on antigen-antibody interactions. Issues 
encountered in blood identification include the occurrence of false positive and false 
negative results. Many causes of these results are well-known but more recently three 
substances resulting in false negatives with catalytic color tests, chemiluminescent 
reagents, and immunoassays have been explored.  Quebracho extract (a common leather 
tannin), sodium percarbonate (the main component of detergents containing active oxygen) 
and vitamin C-containing beverages were all found to produce false negative results at 
varying degrees with each of the tests mentioned.  Increased knowledge of potential 
negative interfering agents by forensic investigators can help ensure that probative 
evidence is properly collected and thoroughly analyzed from a crime scene. 
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1. INTRODUCTION 
1.1 Forensic Science 
 Generally, forensic science is the application of sciences to matters of law (1). 
Forensic laboratories can be found in every state in the country as well as in most other 
countries around the world. The majority are associated with police departments or medical 
examiner offices, and each is filled with scientists with various backgrounds all working 
towards a common goal - to collect evidence from crime scenes, classify the type of 
evidence, and identify the origin. Once a forensic scientist is finished with their analysis, 
the results may be presented in a court of law during a trial to help the jury understand the 
significance of the evidence so they can make an informed decision about the verdict.  
There are many subsections of forensic science that can be used during an investigation 
including crime scene investigation, pattern/impression evidence, trace evidence, 
chemistry, toxicology, and biology. Each of these subsections plays an important part in 
an investigation depending on the type of crime committed. A hit and run case might 
benefit from pattern/impression evidence analysts, since they are capable of comparing a 
broken piece of headlight to plastic remaining on the suspected car. A case where a person 
is arrested and found in the possession of some unknown pill can benefit from the help of 
forensic chemists, who are able to identify it as an illicit substance or something as benign 
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as aspirin. Investigators use the different subsections of forensics every single day, but one 
of the most probative and well-known forensic disciplines is forensic biology.  
 
1.1.1 Forensic Biology 
Forensic Biology encompasses the examination of evidentiary items from crime 
scenes for biological fluids, identification of the specific biological fluid present, 
generation of a deoxyribonucleic acid (DNA) profile, and comparison of individualizing 
markers within the genetic material. Simply put, forensic biology contains two parts: body 
fluid identification and DNA analysis. For the purposes of this paper, the main focus will 
be on body fluid identification, specifically blood, and the issues that arise with its 
detection.  
 
1.1.2 Body Fluid Identification 
Body fluids are some of the most probative forms of evidence an investigator can 
encounter at a crime scene. The fluids that are most commonly found are blood, semen and 
saliva, but vaginal fluid and urine can also prove to be helpful in an investigation (2,3). 
Accurately locating and identifying these fluids at a scene can help piece together the type 
of crime that was committed. For instance, discovering blood at a scene could indicate 
some sort of physical altercation or violent attack, while discovering semen could indicate 
a sexual assault (3). While this helps with identifying the crime, the main goal of body fluid 
identification is to discover the specific fluid present and identify who deposited the fluid 
at the scene through DNA analysis.  
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The main methods of body fluid identification include screening and confirmatory 
tests. Screening, or presumptive, test results only show whether it is possible that a body 
fluid is present on the piece of evidence or not. If the presumptive test result is positive, a 
confirmatory test may be used to identify the specific fluid with a higher degree of certainty 
(4). Each body fluid has one or more components that are targeted in the various screening 
and confirmatory tests required for identification.  
The identification of semen is a very important step in certain cases of sexual 
assault. Semen consists of two main components: seminal fluid and spermatozoa (4). 
Seminal fluid is a mixture of secretions from the seminal vesicles, prostate glands, and 
bulbourethral glands (4–6). The prostate gland secretes acid phosphatase (AP), the 
component utilized in the AP spot test, which is the most popular colorimetric assay used 
in presumptive testing for semen (2–4). The most reliable method to confirm the presence 
of semen is the microscopic examination of sperm cells. This method requires extracting a 
small portion of the stain and placing it on a microscope slide which can then be stained. 
The two most popular stains are the Kernechtrot Picoindigocarmine stain (KPIC), 
commonly known as the Christmas tree stain, and the Hemotoxlyin and Eosin (H&E) stain 
(2–4). These staining techniques each use two different colored stains to make microscopic 
identification of the sperm morphology easier. The remaining two methods for semen 
identification are both immunochromatographic assays, the ABAcard® p30 and rapid stain 
identification (RSID)™ Semen test kits, that identify human prostate specific antigen 
(PSA) and human semenogelin (Sg), respectively. Human PSA, or antigen p30, and 
semenogelin are both major protein components of semen that are excreted from the 
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prostate glands and seminal vesicles, respectively. The results of these assays can be 
visualized as one or two colored bands on a lateral flow strip assay. However, neither of 
these assays are confirmatory for semen since both PSA and Sg can be found in other body 
fluids and tissues. These two tests can be used in the event of a negative microscopic 
examination for sperm because both PSA and Sg will still be present in the semen of an 
azoospermic male (2–4,7).  
Saliva is another major body fluid that is used in crime scene investigation. There 
are currently no confirmatory tests available that are specific to saliva, but there are several 
screening tests available. The two main components of saliva that are used in the 
presumptive tests are alpha-amylase, a general enzyme that cleaves polysaccharides, and 
the more specific human salivary amylase (HSA) (2,4). Two presumptive tests for saliva, 
the starch-iodine test and the Phadebas® test, deal with the identification of the general 
amylase found in humans and animals (α-amylase) and utilize its ability to hydrolyze starch 
molecules. The starch-iodine test places the suspected saliva sample into a starch/agarose 
gel and then uses iodine to stain it after a period of time. Iodine will stain starch molecules 
a dark color; if any α-amylase is present, there will be an unstained circle where the starch 
has been hydrolyzed (2–4). The next presumptive test for saliva uses the Phadebas® 
reagent, which can be used as a presumptive or mapping method for α-amylase. Both 
methods utilize insoluble dye molecules conjugated to starch molecules, but one is in tablet 
form and the other is attached to a piece of filter paper. When in the presence of α-amylase, 
the starch molecules are hydrolyzed and release the blue dye molecules which are then 
visualized as a positive result (2,4,8,9). Another presumptive test for saliva identification 
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is the SALIgAE® colorimetric assay. This test involves adding a sample extract to a tube 
filled with a clear solution that turns yellow in the presence of saliva. The specific 
mechanism of this method is protected for proprietary reasons by the manufacturer and is 
not publicly known (4,10). A more specific test is a lateral flow immunochromatographic 
assay called RSID™-Saliva. This test uses anti-HSA antibodies to detect HSA present in 
an extracted sample. Like the immunochromatographic assays used in semen 
identification, the results of RSID™-Saliva are visualized as one or two colored bands 
(4,11).   
Another body fluid that is helpful in a sexual assault case is vaginal fluid. There are 
no tests currently in use that confirm the presence of vaginal fluid, but there are a couple 
of presumptive tests. Two staining methods that utilize the high glycogen levels in vaginal 
epithelial cells are Lugol’s iodine and periodic acid-Schiff, though neither is particularly 
specific. Lugol’s iodine interacts with the glycogen in the cytoplasm of the cells to stain 
them a dark brown color, whereas the periodic acid-Schiff method stains glycogen pink 
(2,4,12).  
Urine identification can prove useful in cases such as harassment, strangulation, or 
sexual assault. The two presumptive tests for this body fluid each identify a major organic 
compound found in urine: urea and creatinine. The para-dimethylaminocinnamaldehyde 
(DMAC) assay is a reagent that turns a bright pink color within 30 minutes when exposed 
to urea in a sample (2,4,13). The next presumptive test, the Jaffe test, is used to identify 
creatinine in urine. This method relies on the interaction of creatinine with picric acid 
which produces a red colored product, creatinine picrate, in alkaline conditions (2,4). The 
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popular confirmatory test is in the form of an immunochromatographic assay called 
RSID™-Urine that detects the major protein present in urine, Tamm-Horsfall protein 
(THP). This assay’s results, like those for semen and saliva, are viewed as colored bands  
when THP is detected in a sample (2,4,14).  
 
1.1.3  Issues with Body Fluid Identification  
While these presumptive and confirmatory testing methods are necessary and extremely 
helpful to forensic investigations, scientists need to be aware of possible interfering agents 
that can cause false positive or false negative results. This type of interference can be 
caused by the identifying component being present in other body fluids or tissues, plant or 
animal materials, improper storage, common household items or an overload of sample 
called the high dose hook effect with certain immunochromatographic assays. A body fluid 
that has not been discussed yet but will continue to be the focus of this paper is blood. 
Blood is arguably the body fluid seen most often at crime scenes, and is an excellent source 
for DNA analysis. However, there are a lot of substances known to interfere with blood 
identification that can lead to false positive or false negative results.  
The various interfering agents can have a big impact on forensic casework. For 
example, if a presumptive test result for a specific body fluid comes back negative, the 
suspected stain is deemed not forensically relevant and no further testing is performed. 
However, if the stain were a body fluid but something was present that was inhibiting the 
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test from detecting the targeted body fluid component, the investigation would be lacking 
an important piece of information.  
Forensic scientists are generally aware of the more common interfering agents of 
blood identification and conduct their analysis accordingly. However, there are lesser 
known interfering agents of blood that have more recently come to the attention of the 
forensic community and are still in need of further investigation to better understand how 
they affect evidentiary testing. 
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2.  BLOOD IDENTIFICATION 
2.1 The Components of Blood 
 Blood is a specialized body fluid that is constantly moved through the body and 
performs many integral functions. Blood is responsible for distributing nutrients, 
eliminating waste and stabilizing pH, but the two most well-known functions of blood are 
its ability to stop blood loss via clotting and transporting oxygen from the lungs to the body 
(15,16). Blood is made up of two main parts: the fluid portion and the cellular portion. The 
fluid portion is made up of the plasma, which is an amalgamation of various proteins, salts, 
lipids, and water. The plasma makes up over half of the blood and its main function is to 
make sure the cellular components of the blood get circulated through the body. The 
cellular components of blood include two types of cells, red and white, and cellular 
fragments called platelets (4,15,16).   
Platelets, also known as thrombocytes, are responsible for keeping the amount of 
blood loss as low as possible. When an injury occurs and the wound draws blood, the 
platelets gather together at the site of the injury and stick to each other and other proteins 
responsible for clotting to make a plug that prevents any more blood from escaping the 
wound (15,16).  
White blood cells, also called leukocytes, make up the smallest percentage of the 
total blood volume but encompass a large responsibility. These cells are part of the immune 
system and play a role in targeting foreign bodies such as bacteria or viruses and protecting 
the body from infection. White blood cells are also the component of blood containing 
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nuclear DNA, which is responsible for producing a unique genetic profile through DNA 
analysis (4,15,16).  
Finally, red blood cells, also called erythrocytes, are approximately 44% of the total 
blood volume and are the cellular component responsible for transporting oxygen 
throughout the body. The protein within the cell that actually carries the oxygen is called 
hemoglobin. There are millions of hemoglobin molecules available in each red blood cell 
that facilitate the transport of oxygen to the body  (4,15,16).  
 
2.1.1 The Structure of Hemoglobin 
Hemoglobin is a tetrameric molecule made from four polypeptide chains, two α and 
two β. Each of the polypeptide chains contains a heme molecule, also called 
ferroprotoporphyrin, which is a blood pigment that appears as a deep red color.  Each heme 
molecule contains a ferrous iron ion (Fe2+), which is what binds to oxygen molecules. It is 
through this binding that four oxygen molecules per one hemoglobin molecule get 
transported from the lungs to other parts of the body via red blood cells.  (4,16,17). The 
heme molecule of erythrocytes is the component of blood that most interests the forensic 
community for blood detection and identification purposes.   
 
2.2 Steps in Blood Identification 
 A general method for body fluid identification is first detecting a stain on an item 
of evidence, then classifying it as a particular body fluid and eventually using it to develop 
a DNA profile. Classifying a stain as blood is performed by following a lab protocol that 
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contains a series of procedures in which the characteristics are identified in a stepwise 
fashion (18).  
 The first step involves a visual examination of the piece of evidence that contains 
the suspected bloodstain, whether it be a piece of clothing, a weapon or a swab collected 
from a crime scene. The visual examination begins with an inspection of the evidence with 
the naked eye under ambient light to see if any characteristic reddish-brown, flaky, or 
crusty stains are present. If no stain is observed, the next step may include the use of 
chemical enhancement methods like luminol, BlueStar®, and fluorescein. Once a stain is 
located, the examination continues to presumptive testing (4,18).  
Presumptive tests for blood are typically catalytic color tests that are fast, sensitive, 
and simple to use. These tests consist of a colorless reagent that produces a colored product 
when exposed to the heme molecules in red blood cells. If the test result is presumptively 
positive for blood, the sample then moves on to confirmatory testing (4).  
The two main types of confirmatory tests for blood identification are microcrystal 
assays and immunochromatographic assays. Once a confirmatory test result comes back 
positive, a forensic scientist can be confident that the evidentiary stain is blood and can be 
passed on to the DNA section of the lab. However, there are some cases that require the 
use of species identification tests to determine if the blood originated from a human or 





2.3 Presumptive Tests for Blood 
Luminol (5-amino-2,3-dihydro-1,4-phthalazine-dione) is a commonly used 
chemiluminescent method for latent blood detection at a crime scene. Chemiluminescence 
is a light emission as a result of a chemical reaction. The combination of luminol and an 
oxidizer in the presence of hemoglobin produces a light blue glowing effect that can be 
best viewed in almost entirely dark conditions (19,20). This method is helpful at crime 
scenes because it can detect blood that cannot be seen with the naked eye, such as when 
attempts at cleaning have been made, or stains are present that are very small, old or dry 
(20). Luminol is also helpful in visualizing any bloodstain patterns that may prove to be 
integral in understanding the sequence of events that took place during an assault. Some 
other advantages of using luminol are that it is very sensitive, meaning it can detect very 
dilute blood stains, it doesn’t damage DNA, and it is able to be used more than once to 
visualize a stain (19,20). However, one disadvantage to this method is that with every 
subsequent use on a bloodstain, the chemiluminescence loses its intensity due to the 
decreasing amount of hemoglobin available to interact with the luminol and hydrogen 
peroxide mixture. This can cause issues with photographing and documenting the stain in 
situ, or as it appears in the crime scene. Another disadvantage to using luminol is that it is 
not specific to human hemoglobin due to its reactivity with certain metals, animal 
hemoglobin, plant peroxidases found in fruits and vegetables, and detergents or cleaners 
that include hypochlorites like chlorine bleach (19,20).  
BlueStar® Forensic is another presumptive reagent that relies on 
chemiluminescence. It is a luminol-based formula in tablet form that is easily dissolved in 
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distilled water and sprayed onto the area with the suspected stain. The reagent interacts 
with hemoglobin to emit a blue glow that can be visualized and photographed. Two 
comparison studies performed by the Scottsdale and Saint Louis police departments found 
that BlueStar® has a few advantages over luminol. These advantages include being able to 
detect more dilute stains, performing better with stains treated with bleach, not requiring 
complete darkness for visualization, and chemiluminescence intensity that was brighter, 
lasted longer, and didn’t weaken with repeated use (2,21,22).  
A third chemical enhancement method for identifying blood stains is fluorescein. 
It is similar to luminol and BlueStar® but instead of emitting light through 
chemiluminescence, it emits light through fluorescence, which requires the use of an 
excitation light source (4). Fluorescin is a reduced, colorless reagent that is oxidized to 
fluorescein in the presence of hydrogen peroxide and hemoglobin in blood. The fluorescein 
emits a yellow/green glow after being exposed to an alternate light source (ALS) between 
425-485 nanometers (nm) and viewed through an orange filter (23). This method is less 
popular despite it lasting longer and being just as effective as luminol, and will not damage 
the DNA present (2,4). One of the biggest advantages of fluorescein is the thickener that 
can be added to prevent the solution from running down vertical surfaces and destroying 
bloodstain patterns (18).  
Luminol, BlueStar® and fluorescein are most useful in the field at crime scenes 
since they can be sprayed over large surface areas at one time to detect minute blood traces 
that are not easily seen. They can also be utilized the same way in the lab on a smaller scale 
(4).  
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There are a few catalytic color tests used for presumptive blood identification. 
Every lab has a blood identification protocol that includes one or more presumptive tests 
of their choice, some of which will be discussed below. Each test involves a colorless 
reagent that experiences a color change when oxidized by hydrogen peroxide in the 
presence of a heme catalyst. In order to minimize the possibility of a false positive, both 
reagents need to be applied in a specific manner. First, the colorless reagent is applied to 
the stain, after which there is a few seconds time interval to check that a premature color 
change does not occur. If no color is observed, the hydrogen peroxide is applied to the 
same spot and the result of the test can be determined within a few seconds. If a color 
change occurs before the addition of hydrogen peroxide, the test is not performing as it 
should and the result is recorded as inconclusive; the presence or absence of blood cannot 
be determined (18).   
 Benzidine was one of the first tests widely used in the forensic community for 
blood identification. A positive result will appear as a dark blue color change in the 
presence of hemoglobin. This test was used for many years before scientists discovered 
that it was a carcinogen and halted its use in the forensic community (4). 
Ortho-tolidine (O-tol) is one of the derivatives of benzidine that was developed to 
replace it in forensic lab use. This test is conducted under acidic conditions and a positive 
result appears as a blue color change in the presence of hemoglobin. Ortho-tolidine was 
found to be a carcinogen in rats and was phased out in some labs in favor of other 
presumptive tests (4,18,24).  
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Tetramethylbenzidine (TMB) is another derivative of benzidine that gained 
popularity after ortho-tolidine in the 1990s. Considering the negative effects of its two 
predecessors, TMB’s carcinogenic effects were investigated but it was found that any 
tumors present in the rats were either benign or a result of the natural aging process (25).  
A positive result appears as a blue-green color change when oxidized in the presence of 
hemoglobin (4,18).  
Leucomalachite green (LMG) is the colorless leuco base form of the malachite 
green dye that experiences a green color change in the presence of hydrogen peroxide and 
hemoglobin (4,18).  
The last presumptive test that will be discussed and arguably the most popular one 
is phenolphthalein, also known as Kastle-Meyer (KM). Phenolphthalein is kept in its 
reduced form, phenolphthalin, over zinc granules and is oxidized back into phenolphthalein 
with the hemoglobin catalyst. A positive result of KM appears as a pink color change 
(4,18).  
Two studies that investigated the sensitivity and specificity for blood found KM to 
be the most sensitive, detecting blood diluted up to 1:10,000. However, they had conflicting 
results over LMG with one reporting positive results up to 1:10,000 blood dilutions within 
one minute and the other reporting LMG to be the least sensitive with positive results only 
up until 1:5000 blood dilutions. Each study found various interfering agents for KM, LMG, 




2.4 Confirmatory Tests for Blood  
Microcrystal assays utilize the effects of sugars, salts, and acid when heat is applied 
to the mixtures in the presence of heme (18). The Teichmann crystal assay was first 
documented in 1853. The method is carried out by mixing glacial acetic acid and salt to 
form one reagent. That mixture is then added to a portion of the suspected blood stain and 
heated to form hematin (ferriprotoporphyrin chloride) crystals that are visualized on a 
microscope as brown and rectangular. Using this method, it is easy to over or under heat 
the sample which will prevent the crystals from forming. It is important to note that the 
absence of crystal formation does not mean blood is not present in the sample (2,4). The 
Takayama crystal assay was published in 1912 and produces hemochromagen crystals 
when pyridine and glucose interact with heme under alkaline conditions. Hemochromagen 
(pyridine ferroprotoporphyrin) crystals appear red and feathery under a microscope. An 
advantage to this method is that it’s less sensitive to heat, meaning failure of crystal 
formation is less likely to happen from under heating the sample (2,4). These two assays 
require good microscopy skills for visualization and are not human specific, meaning they 
will also form crystals when in the presence of animal blood (4). In cases where it is 
suspected an animal might be involved, species testing would be required. 
Lateral flow immunochromatographic assays are a quicker and easier method for 
confirming the presence of blood. These assays all utilize the same general antigen-
antibody interactions that diffuse along a test strip until a single or double colored band 
appears at designated areas. As seen in Figure 1, an immunochromatographic test strip 




Test region Control region 
Figure 1. Immunochromatographic Assay. An example of a positive result on an 
immunochromatographic test strip. Sample gets deposited into the sample well and diffuses 
towards the other end of the strip. If target antigen is present, colored bands will appear at the test 
region and control region.  
mobile monoclonal antibodies, attached to a dye molecule, that bind to the target antigen 
in blood. The antigen-antibody pair will diffuse towards the other end of the test strip over 
a short period of time. The test region contains immobile polyclonal antibodies; if the target 
antigen is present in the sample, the antigen-antibody pair will bind to the antibodies at the 
test region and stop there. As more of the antigen-antibody pairs get bound at the test 
region, a colored band will appear due to the increased number of dye molecules present. 
Finally, any of the mobile monoclonal antibodies from the sample well that were not bound 
to the target antigen will continue to diffuse and accumulate to the control region where 
they will bind to immobile polyclonal antibodies specific to them and form a second 
colored band (28). A negative test result will form a single band at the control region, a 
positive result will form a band at both the test and control region, and an inconclusive test 


















Four common immunochromatographic assays for the identification of blood are 
HemaTrace® from Abacus Diagnostics, Seratec® HemDirect, Hexagon OBTI® from 
Human GmbH, and RSID™- Blood from Independent Forensics. The target of 
HemaTrace®, Hexagon OBTI® and HemDirect is human hemoglobin. The disadvantages 
to these tests are they can have cross-reactivity with ferret or upper primate blood, and they 
have the possibility of giving a false negative result due to the high dose hook effect 
(28,29). The high dose hook effect occurs when there is excess antigen in the sample well 
that does not have dye-conjugated monoclonal antibodies to bind to. Since these antigens 
are unattached, they diffuse faster and become bound to the immobile polyclonal antibodies 
at the test region. By the time the dye-conjugated antigen-antibody pairs reach the test 
region, there are no available polyclonal antibodies to bind to, so the colored band will not 
be visible despite the presence of the target antigen. RSID™- Blood utilizes the same 
antigen-antibody interactions as the previous two, but it targets glycophorin A, a different 
protein that is present in red blood cells. Due to the different target antigen, RSID™- Blood 
does not cross react with other body fluids or upper primates and the high dose hook effect 
does not occur (30).  
 
2.5 False Positives in Blood Identification 
Two categories of samples that pose problems for presumptive blood testing are 
oxidants and plant peroxidases. Oxidants can catalyze the chemical reaction even when 
hemoglobin is not present. Some examples of interfering oxidants are metals like copper 
and nickel, and bleaches and detergents that contain hypochlorite ions. The best way to 
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avoid false positive results with oxidants is to employ the two-step reagent application in 
which the substrate is observed for a few moments between adding the colorless reagent 
and hydrogen peroxide. If an oxidant is present, the expected color change will occur before 
the addition of the second reagent, rendering the test inconclusive (4). Plant peroxidases 
also catalyze the oxidation reaction because they react with the reagents similar to the way 
hemoglobin does. Some examples of interfering plant peroxidases are horseradish, 
cabbage, garlic, onions, potatoes, tomatoes, turnips, apples, and pineapples (4,26,27). 
Unlike hemoglobin, plant peroxidases are sensitive to heat which means that they can be 
inactivated when they reach a certain temperature. Once the plant peroxidases are 
inactivated, the chances of a false positive drop because only the stable hemoglobin 
molecules will remain to catalyze the oxidation reaction (4).  
The biggest concern for false positives in confirmatory testing comes from the 
possibility of cross reaction with HemaTrace® and HemDirect. The cross reaction with 
upper primates is due to the close phylogeny of humans and primates on the evolutionary 
tree. Another cross reaction occurs with ferrets due to a seven-amino acid sequence found 
in hemoglobin, from residues 67-73, that is shared between humans and ferrets. This 
sequence is what is targeted by the monoclonal antibodies in the assays, which explains 
the false positive results (28). A way to prevent this type of interference is to use the 
RSID™- Blood assay since it targets a different blood protein.  
While most substances that cause false positives in presumptive tests for blood have 
been well known for years and can be accounted for in forensic lab work, more recently 
additional interfering substances have been reported in the literature. A study conducted 
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by Petersen and Kovacs in 2013 demonstrated that root nodules from common legume 
plants cause false positive results with KM (31). Legume root nodules (Figure 2) are small 
bulbous growths found on the plant’s roots that contain small heme-containing proteins 
called leghemoglobins that are similar to human hemoglobin. These proteins are what 
catalyze the oxidation of phenolphthalein. In this study, five common red fruits 
(strawberry, watermelon, tomato, blackberry, and raspberry) and six nodules (pea, bean, 
red and white clover, soybean, and alfalfa) were each crushed up and applied to paper, 
cotton cloth and cotton swabs. They tested the five fruits and six nodules, 4-year old 
nodule-made stains, and a nodule stain after being washed with KM. The results of all five 
fruits were negative and the six nodule types, the aged stain, and the washed stain all were 
positive. The study then tested the different parts of the legume plant (roots, nodules, root 
dirt, stem, seeds, and leaves) to see if anything else would cause false positives. All plant 
parts except the nodules came back negative (31). A major concern with positive results 
caused by root nodules is that their stains appear more blood-like than the other plant 
substances. Horseradish and potato stains will rarely be visually identified as blood but 
might produce a positive presumptive test. On the other hand, red fruits like those used in 
this study might appear similar to blood but will produce negative presumptive results. 
Root nodules are a mixture of the two scenarios. Stains will look similar to blood and also 
produce positive presumptive results, which might cause investigators to waste resources 
collecting evidence from a scene or person that is not probative (31). However, scientists 
will be able to discern if it is a false positive when the stain gets to confirmatory testing 
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Figure 2. Legume Root Nodules. A picture of soybean roots with arrow pointing to one 
of the clusters of root nodules. Image source: Wikimedia Commons.  
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3. FASLE NEGATIVES IN BLOOD IDENTIFICATION 
3.1 The Impact of False Negatives 
While presumptive false positives are not ideal, they are usually identified as such 
during downstream confirmatory testing with minimal deleterious effects. However, when 
an investigator is confronted with a presumptive false negative at a scene and does not 
know the possible interfering agents, they may leave probative evidence behind that could 
aid in the investigation. A similar scenario can happen to a criminalist in the lab. They may 
not have information from the scene that is specific enough to identify if any inhibiting 
substances were present and would fail to pass blood evidence on for DNA analysis, which 
could identify or exclude a suspect.  It is important to identify and be aware of these 
inhibiting substances to ensure as much probative evidence as possible is collected and 
analyzed for each investigation. 
 
3.2 Antioxidants 
Antioxidants are substances, either natural or man-made, that can prevent the 
oxidation of molecules and protect cells from damage caused by free radicals. Common 
antioxidants include beta-carotene, lutein, lycopene, selenium, vitamin A, vitamin C, and 
vitamin E (32–34). Considering antioxidants can act as reductants, it is plausible that they 





3.2.1 Ascorbic Acid 
Perhaps the most well-known antioxidant that produces a presumptive false 
positive is ascorbic acid, commonly known as vitamin C. In 1995, Pascual and Grifo 
published a short paper in which they investigated the effects of ascorbic acid on fresh and 
dried blood dilutions. They mixed varying proportions of blood and lemon juice and 
performed the benzidine test on each sample. The fresh blood stains for each dilution tested 
negative until the proportion of lemon juice in the mixture was at 25% or lower. The results 
for the dried stains at 1/103 dilution were positive for all mixtures with lemon juice. The 
results for the dried stains at 1/104 and 1/105 blood dilution were negative until 60% and 
50% lemon juice respectively (Table 1) (35). Two other studies describe similar 
experiments with other presumptive catalytic tests. In 1999, Ponce and Pascual tested 
mixtures of ascorbic acid and varying blood concentrations with O-tol, KM, TMB, and 
LMG and found that the presence of ascorbic acid caused false negatives in all four test 
reagents at varying sensitivities (36). In 2014, Vennemann et al. published their findings 
on the reductant effects of ascorbic acid on KM and LMG. They created blood dilutions 
from neat to 10-7 and pipetted each one onto clean filter paper and filter paper that was 
treated with ascorbic acid. Their results (Table 2) showed that both presumptive tests were 






Table 1. Pascual and Grifo Benzidine Results. Results of benzidine test with mixtures of diluted blood 
and percentages of lemon juice. A “+” indicates a positive test result. A “-“ indicates a negative test result. 
Adapted from Pascual and Grifo (36) 
Table 2. Vennemann et al. Kastle-Meyer and Leucomalachite Green Results. Results of KM and 
LMG presumptive tests on mixtures of blood dilutions and ascorbic acid. The numbers represent the 








The most recent paper that addressed the effects of ascorbic acid was published by Lee et 
al. in 2016 in which they focused on LMG as the presumptive test. This study took a 
slightly more practical approach by testing to determine if four vitamin C-containing 
beverages affected the LMG reaction to the same extent as plain ascorbic acid. The four 
beverages chosen, Bacchus-D, Vitagran-C, Vita500, and Vita1000, each contain 0 mg/mL, 
1 mg/mL, 5 mg/mL, and 10 mg/mL of vitamin C, respectively (38).  
The authors first wanted to figure out how sensitive the LMG reagent was with 
uncontaminated blood. To do this, they created blood dilutions from 10-1 to 10-7 and 
performed the presumptive test. The only positive results were with 10-1, 10-2, and 10-3 
dilutions. Next, to see how much ascorbic acid was needed to have an inhibitory effect, a 
gradient was created of ascorbic acid concentrations from 0.1mg/mL to 10 mg/mL, which 
were then added to the three blood dilutions. Mixtures were also made with the three blood 
dilutions and the four vitamin C-containing beverages.  LMG was then added to each 
mixture sample and the absorbance of each sample was measured at a 450nm wavelength. 
Results showed that both ascorbic acid (Figure 3) and vitamin C- containing beverages 
(Figure 4)  inhibited the LMG reaction proportional to their concentrations (38). In Figure 
3 the red, yellow and white circles represent the color of the blood samples in the order of 
increasing dilution with no LMG reaction. The gradient of blue colored circles represents 
the intensity of the LMG reaction with the darker blue corresponding to a more intense 
color change due to the blood concentration present in the well. The colors in Figure 4 
represent the same as in Figure 3 but the yellow is more intense due to the added yellow 
coloring of the beverages used.   
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Figure 3. Ascorbic Acid inhibits LMG in a dose dependent manner. Indicated dilutions of blood were 
mixed with the indicated concentrations of ascorbic acid and tested with the LMG reagent. Results show 
concentration of ascorbic acid determines level of inhibition. (DW – deionized water) Adapted from Lee 



















Ascorbic Acid (mg/mL) 


















Figure 4. Vitamin C-containing beverages inhibit LMG in a dose dependent manner. Four beverages 
with vitamin C concentrations from 0mg/mL to 10mg/mL were mixed with the indicated blood dilutions 
and tested with the LMG reagent. Results show vitamin C concentration determines level of inhibition. 
Adapted from Lee et al. (39) 
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    The researchers also determined if ascorbic acid delayed or completely stopped 
the LMG reaction. To accomplish this, they added various ascorbic acid concentrations as 
well as the four beverages to blood diluted to 10 -1 and performed the LMG reaction, 
measuring the absorbance at increasing time intervals up to 40 minutes. The results show 
that the effects of both the ascorbic acid (Figure 5) and vitamin C-containing beverages 
(Figure 6) on the LMG reaction are reduced over a period of time in proportion to their 
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Figure 5. Delayed effects of ascorbic acid concentrations on LMG reaction. Indicated ascorbic acid 
concentrations were mixed with blood diluted to 10 -1. Results show the inhibitory effects of ascorbic acid 
on the LMG reaction are reduced over a time interval of 40 minutes, showing it only delays the reaction 
instead of stopping it. The yellow circles represent a negative LMG reaction and the circles ranging from 
















In this paper, Lee et al. demonstrated that not only will the chemical form of 
ascorbic acid produce false negative results with the LMG presumptive test, but so will 
beverages containing its vitamin C form.  This may prove useful to crime scene 
investigators in the field if they are processing a scene in a kitchen where perhaps there is 
spilled orange juice from a struggle or other food and drink items containing vitamin C 
such as grapefruits, oranges, tomato/vegetable juice and vitamin-infused water drinks.   






Figure 6. Delayed effects of vitamin C concentrations in beverages on LMG reaction. Beverages 
with vitamin C concentrations from 0 mg/mL to 10 mg/mL were mixed with blood diluted up to 10-1. 
Results show the inhibitory effects of vitamin C concentrations on the LMG reaction are reduced over a 
time interval of 40 minutes, showing it only delays the reaction instead of stopping it. These results are 
consistent with the ascorbic acid results. The yellow circles represent a negative LMG reaction and the 
circles ranging from green to dark blue represent the intensity gradient of positive LMG reactions. 
Adapted from Lee et al. (39) 
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3.2.2 Green and Black Tea 
A 2010 experiment by Bancirova determined and compared the antioxidant 
capacities of green and black tea. This was done through chemiluminescent Trolox 
equivalent antioxidant capacity determination (TEAC), a chemiluminescent inhibition 
assay that measures a sample’s capacity to temporarily prevent the oxidation of luminol by 
horseradish peroxidase and compare it to the standard antioxidant, Trolox. They measured 
the intensity of the chemiluminescence by using a Fluoroskan Ascent fluorometer and 
found that the light emission of luminol was delayed as long as the antioxidants remained 
in the reaction (39). Two years later in 2012, Bancirova performed a similar experiment 
but applied it to forensics by measuring the effect the antioxidants in green and black teas 
have on BlueStar® and both the Grodsky and Weber formulations of luminol. The 
difference between the two formulations is the oxidizing chemical that is added to luminol. 
In Grodsky’s formulation, sodium carbonate and sodium perborate are added to luminol in 
distilled water. In Weber’s formulation, luminol is mixed with hydrogen peroxide and 
either sodium hydroxide or potassium hydroxide in distilled water (20). In this experiment, 
Bancirova first added serial blood dilutions to microtiter wells and allowed them to air dry. 
Next, equal amounts of tea samples were added to the dried blood and allowed to air dry. 
Finally, the chemiluminescent reagent was added to the wells and the intensity of the light 
emission was measured by a Fluoroskan Ascent fluorometer (40). To determine how much 
light inhibition had taken place, the light intensity from the blood dilution samples 
containing tea were compared to the light intensity from blood alone.  
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Overall, the results of this experiment show that all three chemiluminescent methods 
exhibited a decrease in light intensity in the presence of green and black tea. Further, the 
decrease was time dependent and also more pronounced in green tea than in black tea. As 
shown in Figures 7-9, BlueStar® was the least affected reagent, and the Grodsky luminol 
formulation had a greater decrease in intensity in the presence of black tea while the Weber 
formulation had a greater decrease in intensity in the presence of green tea.  This 
experiment demonstrated that the antioxidant capacities of green and black teas are able to 
















Figure 7. Chemiluminescence of Blood Dilutions. Condensed figure of the chemiluminescent 
intensities of blood dilutions immediately and after 60s of injection with BlueStar and the Grodsky and 














































Figure 8. Chemiluminescence of Blood Dilutions with Green Tea. Condensed figure of the 
chemiluminescent intensities of blood dilutions immediately and after 60s of injection with BlueStar 

























Figure 9. Chemiluminescence of Blood Dilutions with Black Tea. Condensed figure of the 
chemiluminescent intensities of blood dilutions immediately and after 60s of injection with 
BlueStar and the Grodsky and Weber formulations of luminol. Adapted from Bancirova (40).  
 
34 
3.3 Active Oxygen  
When it comes to household bleaches, there are two different kinds: chlorine bleach 
and oxygen bleach. Chlorine bleach, found in common products such as Clorox, is present 
in many types of household cleaners but it can be dangerous if the user is not being careful. 
It is very corrosive and can eat away fabric and skin if left in contact for too long. It also 
can be fatal if inhaled when used in an enclosed space or when mixed with other household 
cleaners that contain ammonia.  However, oxygen bleaches, found in products like Shout 
OxyPower and OxiClean™, are gaining popularity because they are less hazardous (41). 
In 2008 Castelló, Francès, Corella and Verdú investigated possible effects these cleaners 
have on forensic presumptive blood testing (42). In this paper, the authors began by 
preparing bloodstains using fresh blood without preservatives and fresh blood with EDTA. 
Five drops of blood were applied to cotton, denim, and towels and allowed to air dry. Over 
a period of 40 days, the samples were washed in hot water with a product (Neutrex™) that 
contained active oxygen and left to air dry (42). Once all the samples were dry, the authors 
would test each one with KM, luminol, and an immunochromatographic assay kit called 
Hexagon OBTI® that detects human hemoglobin. For the KM test, a moistened filter paper 
was pressed onto the stain and then the reagent was applied to the filter paper. If there was 
a negative result, the test would be repeated directly onto the stain. For testing luminol, a 
cutting was made from the stain and was visualized in a darkroom after the reagent was 
applied. For the Hexagon OBTI®, the stain was extracted in distilled water and then placed 
onto the sample well of the test strip (42). Two extra controls were run for this experiment 
to ensure active oxygen is the only component being tested. First, the samples were washed 
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in hot water without detergent to rule out temperature being the cause. Next, the samples 
were washed in cold water with the detergent to discern if the detergent reacts differently 
based on the water temperature. It is important to note that all the stains were still visible 
to the naked eye after being washed. The results of KM, luminol, and Hexagon OBTI® 
were all negative. The results of the controls washed in hot water with no detergent were 
all positive. The results of the controls washed in cold water with detergent were all 
negative. Overall, this experiment demonstrates that no matter the temperature, how old 
the stain is, or what kind of substrate it’s on, detergents with active oxygen can cause false 
negatives with KM, luminol, and Hexagon OBTI® (42).  
 Four years later the same authors conducted another experiment with slight 
variations (43). The authors created 6g/L solutions of sodium percarbonate, the active 
ingredient in oxygen bleaches, and distilled water to wash bloodstains made from applying 
3 drops of undiluted blood to white cotton cloth. The samples were separated into four 
groups, each having a different washing technique. The first group, “A”, was washed in 
40°C water with sodium percarbonate. The second group, “B”, was washed in 19°C water 
with sodium percarbonate. The third group, “C”, was washed in 40°C water only and the 
fourth group, “D” was washed in 19°C water only. After the washing step, the KM, 
luminol, and Hexagon OBTI® tests were carried out as described previously. The 
BlueStar® test was carried out the same as luminol. A variation of this experiment was that 
when any of the test results were negative, the samples would be retested using a less 
concentrated sodium percarbonate solution (43). The results showed that sodium 
percarbonate had a greater effect on KM and Hexagon OBTI® than the chemiluminescent 
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methods when washed in 40°C water. Also, water temperature was shown to play a role in 
the test results. The test results for the samples washed in 19°C water with sodium 
percarbonate were almost all positive, with the only negative being for the Hexagon 
OBTI® test with the highest concentration of sodium percarbonate. Groups “C” and “D” 
that were washed with water only showed no signs of sodium percarbonate interference 
(Table 3) (43).  
 Through these two studies, it is demonstrated that oxygen bleaches containing 
sodium percarbonate cause false negatives with both presumptive and confirmatory blood 
tests. The exact reason this interference happens is not known so it is important that forensic 
scientists become aware of this new reagent that could cause probative evidence to be 
























































































































































































































































































































Tannins are plant polyphenols that bind strongly to carbohydrates and proteins 
(44,45). They are split up into two main categories: hydrolysable and condensed. 
Hydrolysable tannins are saccharide-based, soluble components of plant tissue that 
function as a strong astringent (45).  Condensed tannins are chemically associated with 
plant tissues such as bark, leaves, stems, skins, and roots (46). Tannins are known for their 
role in giving wine a “dry” taste, which comes from the astringent properties of the tannins 
in the seeds and skins of grapes. However, tannins play an even bigger role in the 
production of leather.  
Leather goods are produced through a process which includes a tanning step. The 
general definition of tanning is essentially turning some sort of organic material that is 
capable of decomposition, into a stable material that cannot decompose (45). The plant 
polyphenols’ main role in the tanning process is to interact with collagen, allowing it to 
resist biochemical degradation. However, several preparation steps need to occur before 
the tanning step takes place.  The process begins with the raw animal hides that need to be 
cured and preserved during the time it takes to get from the slaughterhouse to the tannery. 
One of the ways this has been done is by a drying process in which the hides are simply 
hung up to air dry. The drying method is not used much anymore, and has been surpassed 
by the salting method since it is much more efficient. The salting method can be done by 
either covering the hide with an evenly distributed layer of salt or by brining the hide, 
ensuring it is completely covered in a salt solution (45). The next step is to soak the hides 
in water; this step rehydrates the hides and cleans off the layer of salt and any other dirt 
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that is present. Then de-hairing, liming and fleshing are performed in one step. First, the 
hides are soaked in a sulfide and lime solution that is used to dissolve any hair attached to 
the hide, loosen up any non-collagenous components of skin, such as fat and proteins, and 
remove anything that isn’t required for the continued tanning process (45,47). The next 
step is to ensure the hides have a uniform thickness across the entire surface. This is usually 
done by splitting the hide layers horizontally, creating a top layer of smooth grain leather 
and a bottom layer that is used for suede (47). Once the layers are split, the pickling process 
begins. Pickling adjusts the collagen fibers with a solution of acids and salts, so they are 
more receptive to the tanning process. Last is the tanning process, the prepared hides are 
exposed to tannins which interact with the remaining protein fibers in the hides to stabilize 
and prevent any further putrefaction, essentially creating the characteristic leather material 
(45,47). After tanning is finished, any excess water is squeezed out, the leather is quality 
checked and subsequent dyeing processes can be performed to meet any demands of the 
buyer. That being said, the type of tannins used in the leather-making process is really what 
determines the kind of leather that is made and what it will be used for, whether it’s car 
upholstery, handbags, furniture or clothing. Tannins are what give leather its distinctive 
look, feel, and smell (45,47).  
Tannins are also of interest to the forensic community. Scientists have reported that 
suspected bloodstains present on a certain brand of boots were consistently resulting in 
negative presumptive tests and began investigating the topic of leather substrate 
interference. (48,49).  
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In 2013, Krotulski, Osawa and Duggar presented their experimental findings at the 
65th annual meeting of the American Academy of Forensic Sciences. They based their 
experiment on reports from the New Orleans Police Department Crime Lab that suggested 
Timberland® boots might be the cause of false negative results during presumptive blood 
testing using KM. The first portion of their experiment included placing serially diluted 
bloodstains on leather boots and comparing them to identical bloodstains on cotton cloth 
(48). The results showed that within a couple weeks, results from the dilutions on the cotton 
cloth were still positive at 1/103 whereas only neat and 1/10 diluted blood resulted in 
positives on the leather boots, demonstrating a decrease in sensitivity with the stains 
deposited on the boots. Next, the experiment was conducted again, this time comparing 
cotton cloth to car upholstery leather. Results after 2 weeks showed the same trend of 
decreasing sensitivity on leather, suggesting that the cause is a component that is common 
to all types of leather (48). The authors also claimed that similar decreases in sensitivity 
were found with benzidine, HemaTrace® and Takayama crystal assay which led them to 
conclude that the cause was most likely a chemical used in the tanning process of leather 
since the same result was being produced with all three types of tests that target three 
different components of the hemoglobin molecule (48).  
 In 2017, Castelló, Francès and Verdú hypothesized that quebracho, the most 
common product in leather tanning, could be the component responsible for inhibiting the 
blood tests (49). Therefore, their goal was to test this tannin to see if it negatively affected 
KM, benzidine, BlueStar® and Hexagon OBTI®. In their first test, they placed solutions 
of equal amounts of blood dilutions and 2% quebracho solution on cotton cloth and tested 
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them with the four blood tests to determine the level of interference from a low 
concentration of quebracho. Test two was identical to test one, the only difference being 
the use of 20% quebracho solution in order to determine the level of interference from a 
high concentration of quebracho. The presumptive tests were conducted first with the stain 
transferred on a moistened swab and then again directly on the stain if the first result was 
negative. Also, all tests were conducted at set time intervals over the course of 
approximately 8.5 months.  
The results of the first test can be seen in Table 4; to be concise this author made it 
comparable to the results of the second test. All four tests were negative for 1/10000 and 
1/1000 and positive for whole blood the entire time. The negative impact on 1/100 and 
1/10 stains increased at every time interval after 35 days (49).  
The results of the second test can be seen in Table 5. Overall, the negative impact 
increased with the quebracho concentration to such an extent that all four tests were 
negative at every dilution, including neat blood, at 85 days (49).  
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Table 4. Results of diluted blood samples with 2% quebracho solution. A condensed table showing 
the results of 2% quebracho solution with blood diluted to 1/10 and 1/100 over a time interval of 260 
days.“+” indicates a positive; a green “-“ indicates a negative result; “X” indicates the test was not done. 











































Table 5. Results of diluted blood samples with 20% quebracho solution. A condensed table showing 
the results of 20% quebracho solution with blood diluted to 1/10 and 1/100 over a time interval of 85 
days. “+” indicates a positive; a green “-“ indicates a negative result; “X” indicates the test was not done. 
Adapted from Castelló, Francès, and Verdú (50) 
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The authors of this paper used more practical samples in the last test, presuming 
that in real case work the interference will be coming from the substrate the stain is 
deposited on and not mixed in with the blood before deposition. In the third test conducted 
by Castelló, Francès and Verdú, the cotton cloths were submerged in 20% quebracho 
extract and left to dry. Two microliters of each blood dilution was applied to the quebracho 
soaked cloth and then the steps from the first two tests were repeated (49). The results of 
the third test can be seen in Table 6. Negative results for all four tests appeared much earlier 
in the time period than the first two tests. All four tests were negative at whole blood at 50 
days in this test, compared to 85 days in test two and not even within 260 days with test 
one. KM tested negative for 1/10 in this test at 15 days compared to 60 days in test two and 
240 days in test one. Also, the results of the three presumptive tests performed directly on 
the whole blood stain and 1/10 dilution stain weren’t able to be discerned due to the 
substrate color masking any possible color change (49).  
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Table 6. Results of diluted blood samples on substrate with 20% quebracho solution. A condensed 
table showing the results of 20% quebracho solution substrates with whole blood, blood diluted to 1/10 
and 1/100 over a time interval of 60 days. “+” indicates a positive; a green “-“ indicates a negative result; 
“X” indicates the test was not done. Adapted from Castelló, Francès, and Verdú (50) 
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This paper demonstrated that both 2% and 20% concentrations of quebracho 
solution caused varying degrees of false negatives with KM, benzidine, BlueStar® and 
Hexagon OBTI® and that the inhibitory effects were stronger as the concentration of 
quebracho increased. The results also showed higher inhibitory effects when the quebracho 
was on the substrate instead of mixed with the blood dilution. Out of the four tests, KM 
seems to be the most affected considering in all three tests it produced false negatives with 
the lower dilutions before any of the others. It is unknown whether quebracho is the only 
tannin that interferes with this type of testing. There are so many other types of tannins that 
are used in the leather making process as well as many other reagents that come into contact 
with the material before it is finally sent out. More studies need to be conducted with these 
other variables in order to get a better understanding of this type of interference, especially 
in regards to DNA recovery.  
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4. CONCLUSIONS                                                                                                
The importance of studying any substance that causes false positives or negatives 
in forensic testing cannot be understated; it is the best way to ensure that every sample is 
accurately analyzed in the most efficient way. The more that is understood about a potential 
issue, the better prepared one will be when in the field or the lab and confronted with an 
ambiguous test result.  
This paper addressed several substances that have the potential to cause false 
positives using common forensic blood tests. For catalytic color tests, strong oxidizing 
agents like copper, nickel, and chlorine bleach are able to catalyze the oxidation-reduction 
reaction in the absence of hemoglobin making it appear as if blood is present. Plant 
peroxidases can also affect catalytic color tests because they have a structure similar to 
hemoglobin that can catalyze the reaction. However, both of these issues can be resolved. 
Oxidants can often be identified by applying the catalytic reagents one at a time and 
checking to make sure no color change is occurring before the addition of hydrogen 
peroxide. Plant peroxidases, such as horseradish, potato, tomato, and onion, can be 
inactivated with high heat before testing but this method is rarely used in the lab. Instead, 
false positives from plant peroxidases can be identified with downstream confirmatory 
testing. 
False positives with confirmatory testing include the chance of cross-reaction with 
the blood of upper primates due to close phylogeny or the blood of ferrets due to the 
analogous 7 amino acid sequence being targeted by HemaTrace® and HemDirect. This 
problem can be solved by using a different immunochromatographic assay such as RSID-
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Blood that targets an antigen other than hemoglobin. A more recent false positive discovery 
includes interference from the root nodules of legumes such as peas, beans, red and white 
clover, soybean, and alfalfa. They contain leghemoglobins that act similar to hemoglobin 
in the presence of the Kastle-Meyer reagent. Considering the stains they make may look 
like bloodstains, it is logical that a forensic scientist would continue on to confirmatory 
testing after a positive result with KM. More studies should be performed to investigate if 
the leghemoglobins have a similar false positive effect on immunochromatographic assays.  
Effectively dealing with potential false positives involves being aware of the surroundings 
of the evidence, understanding what substances could be near or on the suspected stain and 
what to do about the proper testing and collection.  
The types of false negatives that are well known include the high dose hook effect 
with immunochromatographic assays and the absence of crystal formation in the 
microcrystalline assays. There are solutions to these problems that include ensuring the 
immunochromatographic assay sample is not too concentrated and the microscope slide 
isn’t over or under heated. However, the exact temperature or concentration value cannot 
be easily defined which makes these solutions hard to achieve.  
Unlike a positive presumptive result, a negative presumptive result can usually be 
a reliable gauge as to whether a stain is blood or not. Negative presumptive tests often 
mean the analysis stops at that point and the stain or item of evidence is not deemed 
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probative and does not get collected. Knowledge of potential negative interfering agents 
can help ensure that probative evidence is collected and analyzed from a crime scene.  
Ascorbic acid, vitamin-C, sodium percarbonate and quebracho extract have been 
shown to inhibit both presumptive and confirmatory assays from yielding a positive result 
in the presence of blood. Further studies need to be conducted with other variables to 
determine the extent of the interference. Researchers could investigate tannin extracts other 
than quebracho to determine if every tannin is inhibitory or if it is just a select few; it is 
also possible that another chemical used in the leather making process may also be 
interfering with the testing. They could also go on to demonstrate the effects of sodium 
percarbonate on bloodstained clothes after a full washing machine cycle instead of a small 
piece of white cloth.  
Additional studies should also investigate “real world” scenarios that are more 
likely to be encountered at an active crime scene instead of in a controlled lab environment. 
These studies could run presumptive and confirmatory tests on real items such as clothing 
made from leather, wines with high tannin content, easily accessible detergents containing 
active oxygen sold on store shelves, and popular vitamin C drinks that can be found in the 
average person’s refrigerator. Future studies could also look into whether a DNA profile 
can still be developed with blood exposed to these interfering agents, which would be 
helpful to determine whether stains with negative results for blood should sometimes still 






LIST OF JOURNAL ABBREVIATIONS 
Am Soc Hematol  American Society of Hematology 
Behav Ecol Sociobiol  Behavioral Ecology and Sociobiology 
BMB Rep   Korean Society for Biochemistry and Molecular Biology 
Can Soc Forensic Sci J Canadian Society of Forensic Science Journal 
Food Res Int   Food Research International 
Forensic Sci   Forensic Science 
Forensic Sci Commun Forensic Science Communications 
Forensic Sci Int  Forensic Science International 
Forensic Sci Int Genet Forensic Science International: Genetics Supplement Series 
Forensic Sci Med Pathol Forensic Science, Medicine, and Pathology 
Int J Legal Med  International Journal of Legal Medicine 
J Biotechnol Biodivers Journal of Biotechnology and Biodiversity 
J Forensic Identif  Journal of Forensic Identification 
J Forensic Leg Med  Journal of Forensic and Legal Medicine 
J Forensic Sci   Journal of Forensic Sciences 
J Nat Cancer Inst  Journal of the National Cancer Institute 
Leg Med   Legal Medicine 
MAFS Newslet  Midwestern Association of Forensic Scientists Newsletter 
Natl. Inst. Justice  National Institute of Justice 
Proc Bayl Univ Med Cent Proceedings of Baylor University Medical Center 
Sci Justice    Science & Justice 
51 
BIBLIOGRAPHY 
1.  Forensic Sciences. Natl. Inst. Justice. https://nij.ojp.gov/topics/forensics (accessed 
May 26, 2020). 
2.  Virkler K, Lednev IK.  Analysis of body fluids for forensic purposes: From 
laboratory testing to non-destructive rapid confirmatory identification at a crime 
scene. Forensic Sci Int 2009;188(1):1–17. DOI: 10.1016/j.forsciint.2009.02.013. 
3.  An J-H, Shin K-J, Yang W-I, Lee H-Y.  Body fluid identification in forensics. BMB 
Rep 2012;45(10):545–53. DOI: 10.5483/BMBRep.2012.45.10.206. 
4.  Li R.  Forensic Biology. 2nd ed. Taylor & Francis Group, 2015. 
5.  Poiani A.  Complexity of seminal fluid: a review. Behav Ecol Sociobiol 
2006;60(3):289–310. DOI: 10.1007/s00265-006-0178-0. 
6.  Benign Prostate Disorders. Endotext. https://www.endotext.org/chapter/benign-
prostate-disorders/ (accessed May 27, 2020). 
7.  Boward ES, Wilson SL.  A comparison of ABAcard® p30 and RSIDTM-Semen test 
kits for forensic semen identification. J Forensic Leg Med 2013;20(8):1126–30. 
DOI: 10.1016/j.jflm.2013.09.007. 
8.  Coyle H, Payne H.  Saliva & detergent – Exploring detergents that contain amylase 
and assessing their detection by the Phadebas tube test. Evidence Technology 
Magazine. Summer 2018. Available from: 
http://www.evidencemagazine.com/index.php?option=com_content&task=view&id
=2663&Itemid=49 (accessed June 22, 2020). 
9.  Hedman J, Gustavsson K, Ansell R.  Using the new Phadebas® Forensic Press test 
to find crime scene saliva stains suitable for DNA analysis. Forensic Sci Int Genet 
Suppl Ser 2008;1(1):430–2. DOI: 10.1016/j.fsigss.2007.10.205. 
10.  Miller DW, Hodges JC.  Validation of Abacus SALIgAE ® test for the forensic 
identification of saliva. West Virginia State Police Forensic Laboratory, 2005. 
Available from: http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.534.4569 
(accessed June 22, 2020) 
11.  Old JB, Schweers BA, Boonlayangoor PW, Reich KA.  Developmental validation 
of RSIDTM-Saliva: A lateral flow immunochromatographic strip test for the forensic 
detection of saliva. J Forensic Sci 2009;54(4):866–73. DOI:10.1111/j.1556-
4029.2009.01055.x. 
52 
12.  Hausmann R, Pregler C, Schellmann B.  The value of the Lugol’s iodine staining 
technique for the identification of vaginal epithelial cells. Int J Legal Med 
1994;106(6):298–301. DOI: 10.1007/BF01224775. 
13.  Ong SY, Wain A, Groombridge L, Grimes E.  Forensic identification of urine using 
the DMAC test: A method validation study. Sci Justice 2012;52(2):90–5. 
DOI:10.1016/j.scijus.2011.07.007. 
14.  Akutsu T, Watanabe K, Sakurada K.  Specificity, sensitivity, and operability of 
RSIDTM-Urine for forensic identification of urine: Comparison with ELISA for 
Tamm-Horsfall Protein. J Forensic Sci 2012;57(6):1570–3. DOI: 10.1111/j.1556-
4029.2012.02174.x. 
15.  American Society of Hematology.  Blood basics. Am. Soc. Hematol. . 
https://www.hematology.org:443/education/patients/blood-basics (accessed May 29, 
2020). 
16.  Molnar C, Gair J.  Chapter 21.2. Components of the blood. Concepts of biology - 
1st Canadian edition. Pressbooks, 2019. Available from: 
https://opentextbc.ca/biology/chapter/21-2-components-of-the-blood/ (accessed 
June 22, 2020) 
17.  Marengo-Rowe AJ.  Structure-function relations of human hemoglobins. Proc Bayl 
Univ Med Cent 2006;19(3):239–45. 
18.  James SH, Nordby JJ, Bell S, Ph.D JJN.  Forensic Science: An introduction to 
scientific and investigative techniques, 2nd ed. CRC Press, 2005. 
19.  Rogiski da Silva R, Agustini B, Lopes da Silva AL, Frigeri HR.  Luminol in the 
forensic science. J Biotechnol Biodivers 2012;3(4):172–7. 
20.  Barni F, Lewis SW, Berti A, Miskelly GM, Lago G.  Forensic application of the 
luminol reaction as a presumptive test for latent blood detection. Talanta 
2007;72(3):896–913. DOI: 10.1016/j.talanta.2006.12.045. 
21.  Webb SK.  Luminol vs. BlueStar: A comparison study of latent blood reagents. 
Saint Louis Metropolitan Police Department. Accessed from: https://www.bluestar-
forensic.com/medias/documentationfile/st_louis_comparison_study.pdf (accessed 
June 22, 2020) 
22.  Dilbeck L.  Use of BlueStar Forensic in Lieu of luminol at crime scenes. J Forensic 
Identif 2005;56(5):706–20. 
23.  Cheeseman R, Tomboc R.  Fluorescein technique performance study on bloody foot 
trails. J Forensic Identif 2001;51(1):16–27. 
53 
24.  Pliss GB, Zabezhinsky MA.  Carcinogenic properties of orthotolidine (3,3’-
dimethylbenzidine) 1. J Nat Cancer Inst, 1970. 
25.  Garner DD, Cano KM, Peimer RS, Yeshion TE.  An evaluation of 
tetramethylbenzidine as a presumptive test for blood. J Forensic Sci 
1976;21(4):816–21. DOI:10.1520/JFS10566J. 
26.  Tobe SS, Watson N, Daéid NN.  Evaluation of six presumptive tests for blood, their 
specificity, sensitivity, and effect on high molecular-weight DNA. J Forensic Sci 
2007;52(1):102–9. DOI:10.1111/j.1556-4029.2006.00324.x. 
27.  Cox M.  A study of the sensitivity and specificity of four presumptive tests for 
blood. J Forensic Sci 1991;36(5):1503–11. 
28.  Johnston S, Newman J, Frappier R.  Validation study of the Abacus Diagnostics 
ABAcard® HemaTrace® membrane test for the forensic identification of human 
blood. Can Soc Forensic Sci J 2003;36(3):173–83. 
DOI:10.1080/00085030.2003.10757560. 
29.  Misencik A, Laux DL.  Validation study of the Seratec HemDirect hemoglobin 
assay for the forensic identification of Human Blood. MAFS Newsl 2007. Accessed 
from: 
https://pdfs.semanticscholar.org/2c56/c17d14e06a7472f6246596d10f76164844bb.p
df (accessed June 22, 2020) 
30.  Schweers BA, Old J, Boonlayangoor PW, Reich KA.  Developmental validation of 
a novel lateral flow strip test for rapid identification of human blood (Rapid Stain 
IdentificationTM-Blood). Forensic Sci Int Genet 2008;2(3):243–7. 
DOI:10.1016/j.fsigen.2007.12.006. 
31.  Petersen D, Kovacs F.  Phenolphthalein false-positive reactions from legume root 
nodules. J Forensic Sci 2014;59(2):481–4. DOI:10.1111/1556-4029.12352. 
32.  Rao VR.  Chapter 7 - Antioxidant agents. In: Penta S, editor. Advances in structure 
and activity relationship of coumarin derivatives. Boston: Academic Press, 
2016;137–50. 
33.  U.S. National Library of Medicine.  Antioxidants. MedlinePlus. 2017. 
https://medlineplus.gov/antioxidants.html (accessed June 3, 2020). 
34.  Harvard T.H. Chan School of Public Health.  Antioxidants. Nutr. Source. 2012. 
https://www.hsph.harvard.edu/nutritionsource/antioxidants/ (accessed June 3, 2020). 
54 
35.  Pascual FAV, Grifo MSG.  Investigation of bloodstains: False negative results of 
the benzidine test. Forensic Sci Int 1995;71(2):85–6. DOI:10.1016/0379-
0738(94)01649-P. 
36.  Castelló A, Ponce FA, Verdú P.  Critical revision of presumptive tests for 
bloodstains. Forensic Sci Commun 1999;1(2). 
37.  Vennemann M, Scott G, Curran L, Bittner F, Tobe SS.  Sensitivity and specificity of 
presumptive tests for blood, saliva and semen. Forensic Sci Med Pathol 
2014;10(1):69–75. DOI:10.1007/s12024-013-9515-6. 
38.  Lee H, Park MJ, Sun SH, Choi D-H, Lee Y-H, Park K-W, et al.  Ascorbic acid and 
vitamin C-containing beverages delay the leucomalachite green reaction to detect 
latent bloodstains. Leg Med 2016;23:79–85. DOI:10.1016/j.legalmed.2016.10.003. 
39.  Bancirova M.  Comparison of the antioxidant capacity and the antimicrobial activity 
of black and green tea. Food Res Int 2010;43(5):1379–82. 
DOI:10.1016/j.foodres.2010.04.020. 
40.  Bancirova M.  Black and green tea - Luminol false-negative bloodstains detection. 
Sci Justice 2012;52(2):102–5. DOI:10.1016/j.scijus.2011.07.006. 
41.  Bramble L.  Oxygen bleach vs. chlorine bleach. Sciencing. 2017. 
https://sciencing.com/oxygen-bleach-vs-chlorine-bleach-6571838.html (accessed 
June 4, 2020). 
42.  Castelló A, Francès F, Corella D, Verdú F.  Active oxygen doctors the evidence. 
Naturwissenschaften 2009;96(2):303–7. DOI:10.1007/s00114-008-0466-9. 
43.  Castelló A, Francés F, Verdú F.  Chemistry in crime investigation: Sodium 
percarbonate effects on bloodstains detection. J Forensic Sci 2012;57(2):500–2. 
DOI:10.1111/j.1556-4029.2011.01999.x. 
44.  Dey PM.  Methods in plant biochemistry, Volume 1. Academic Press, 2012. 
45.  Covington AD.  Tanning chemistry: The science of leather. 1st ed. The Royal 
Society of Chemistry, 2009. 
46.  Plant based extracts. Silvateam. 2015. https://www.silvateam.com/en/products-and-
services/leather-tanning-solutions/tannins-leather-making.html (accessed June 4, 
2020). 
47.  Leather production - www.leather-dictionary.com - The Leather Dictionary.  
https://www.leather-dictionary.com/index.php/Leather_production (accessed June 4, 
2020). 
55 
48.  Krotulski AJ, Osawa KA, Duggar AS.  False negatives and decreased sensitivity of 
heme tests on a leather substrate: incidence and causes. Proceedings of the 65th 
Annual Meeting of the American Academy of Forensic Sciences. Washington, DC. 
Colorado Springs, CO, 2013;33. 
49.  Castelló A, Francès F, Verdú F.  Bloodstains on leather: Examination of false 
negatives in presumptive test and human hemoglobin test. J Forensic Sci 
2017;62(5):1308–13. DOI:10.1111/1556-4029.13407. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
56 
CURRICULUM VITAE 
